**INTRODUCTION:** Tissue engineering applications in medicine and surgery remain severely limited by insufficient vascularization. Recently, sphingosine-1-phosphate (S1P), a bioactive sphingolipid stored in platelets and found in micromolar quantities in the plasma and nearly absent in the interstitium, has gained broad attention for its effects on endothelial motility and vascular maturation. It is thought that an S1P gradient between the lumen and the interstitium is integral to reparative angiogenesis. Herein we utilize S1P gradients within our tissue engineered hydrogels to promote self-assembly of endothelial cells into tubules that anastomose with a central millimeter sized channel with the aim of a fabricating a novel hierarchical pre-vascularized regenerative template.

**METHODS:** Constructs were fabricated by suspending endothelial cells (EC) in type I collagen impregnated with S1P at a density of 2 million cells/ml. Within the collagen, a 1mm diameter channel was then lumenally seeded with ECs. Confocal, fluorescent, and light microscopy were performed to quantify and compare vascular morphology. Endpoints measured included endolumenal diameter, total vessel length, number of sprout endpoints, junction density, and extent of invasion.

**RESULTS:** Axial sections demonstrated robust cellular invasion out of the central conduit. Sprout-like structures were found branching and anastomosing with the central conduit in a complex plexus. Constructs exhibited an average endothelial sprout density of 37 ± 8 sprouts/mm^2^with an average depth of invasion of 129 ± 58 um. The extent of plexus formation showed a statistically significant increase in total vessel length (p = 0.0003), total number of endothelial endpoints (p=0.0004), and junction density (p \< 0.0001) in cultures treated with S1P. Lumen diameters were similar in caliber to deep dermal arteriolar vessels (p \> 0.05).

**CONCLUSION:** While current dermal replacement products are limited in clinical utility by the absence of an inherent vasculature, we have demonstrated the successful fabrication of a novel, rapidly prevascularized regenerative template containing an inherent hierarchical vasculature utilizing the powerful angiogenic regulator S1P. Such constructs hold tremendous promise for clinical translation and especially for use in challenging wounds.
